The interstitial cells of Cajal (ICC) are found in a number of different locations in the gastrointestinal tract, where they form close associations with both muscle cells and nerve terminals. In this study we examined the embryological origin of ICC in the mouse intestine to determine whether they arise from the neural crest or from the intestinal wall. Segments of intestine were removed from embryonic mice either before or after the arrival of neural crest cells (the precursors of enteric neurons and glial cells) and transplanted under the renal capsule of host (adult) mice and allowed to develop for 18-41 days. In the mouse intestine, antibodies to c-kit protein selectively label ICC at a variety of locations, and antibodies to the NK1 receptor (the receptor for substance P) labels ICC at the level of the deep muscular plexus in the small intestine and a subpopulation of enteric neurons in the large intestine. The presence of neurons in the explants was examined using antisera to neuron-specific enolase, substance P, and calretinin. In segments of small and large intestine explanted after the arrival of neural crest cells, immunoreactive neurons and c-kit-and NK1-immunoreactive ICC were present with a distribution similar to that seen in control tissue at a similar developmental age. In segments of large intestine explanted before the arrival of neural crest cells, neurons were not present; however, c-kit-immunoreactive ICC were present in these aneuronal explants, indicating that ICC do not arise from the neural crest. The source of ICC in mammals is therefore likely to be the mesenchyme of the gut. ᭧
INTRODUCTION
ICC in most locations form gap junctions with muscle cells and with each other (Daniel and Posey-Daniel, 1984;  Interstitial cells associated with the musculature of the Zhou and Komuro, 1992; Berezin et al., 1994) and were rabbit intestine were described in the 1890s by Ramon y proposed, from indirect evidence, to be responsible for Cajal using the Golgi technique and supravital methylene the generation of phasic contractions in the intestine (see blue staining (see Thuneberg, 1989; Christensen, 1992) . Thuneberg, 1982; Sanders, 1992) . ICC also form close conHe described systems of spindle-shaped cells with two to tacts (õ20 nm) with nerve terminals (Berezin et al., 1988 , five primary processes and narrow perinuclear cytoplasm 1989; Torihashi et al., 1993) and express the receptors for, that were found in two locations -between the longitudiand respond to, a variety of neurotransmitters (Publicover nal and the circular muscle layers (associated with the et al., 1992; Shuttleworth et al., 1993; Young et al., 1993; myenteric plexus) and at the inner margin of the circular Sternini et al., 1995; Portbury et al., 1996) . Consequently, muscle layer of the small intestine. Because of the stain-ICC were also proposed to act as intermediaries in transing characteristics of the interstitial cells, Cajal believed mission between neurons and muscle cells (Thuneberg, them to be primitive nerve cells. Although it is likely 1982; Daniel and Posey-Daniel, 1984; Christensen, 1992 ; that these cells had been described earlier, they are now Sanders, 1992) . Recent evidence suggests that ICC may called the ''interstitial cells of Cajal'' (ICC; see Thuneserve both functions. berg, 1982). More recently, cells that have also been called ICC in the mouse intestine express c-kit protein, a tyro-ICC have been found in two other locations in the intessine kinase that is the receptor for stem cell factor (Ward tine -between the serosa and the longitudinal muscle, et al., 1994; Torihashi et al., 1995) . Following treatment of and within the circular muscle layer (Thuneberg, 1989) . neonatal mice with neutralizing antibodies to c-kit protein, With the exception of the ICC within the muscle, ICC the intestine shows motility disorders and does not exhibit the regular, phasic contractions that are observed in unform two-dimensional, sheet-like arrays. treated animals (Maeda et al., 1992) . Moreover, the intestine that of normal intestine at a similar developmental age (Southwell, 1982; Nishijima et al., 1990) . The subcapsular of these mice possess very few c-kit-immunoreactive ICC (Torihashi et al., 1995) . Studies of W/W v mice, which have a space provides a superior environment for the growth and differentiation of mouse intestinal explants to the chorioalpoint mutation that reduces, but not abolishes, the receptor tyrosine activity of c-kit, also suggest a role for ICC in the lantoic membrane of chicken embryos and organotypic tissue culture (Nishijima et al., 1990) . Enteric neurons and generation of intestinal rhythmicity. The intestines of W/ W v mice possess very few ICC at the level of the myenteric glial cells arise predominantly from the ''vagal'' level of the neural crest and migrate rostrocaudally through the gastroplexus, lack phasic contractions, and also lack slow waves, the electrical events that time the occurrence of phasic conintestinal tract (Yntema and Hammond, 1954) . If segments of intestine are removed from embryos prior to the arrival tractions (Maeda et al., 1992; Ward et al., 1994; Huizinga et al., 1995) .
of neural crest cells and transplanted to the subcapsular space, the explants lack enteric neurons but otherwise apAlthough there are very few myenteric ICC in the small intestine of W/W v mice, excitatory and inhibitory neural pear normal (Southwell, 1982; Nishijima et al., 1990 ). In the current study, segments of small or large intestine were inputs to the circular muscle are clearly observed (Ward et al., 1994) , indicating that ICC are not an essential intermeremoved from embryonic mice at a variety of developmental ages and transplanted under the renal capsule of diate in neurotransmission to the circular muscle in this region. However, in the stomach, ICC do appear to mediate host (adult) mice. The presence of neurons in the explants was determined immunohistochemically using antisera to transmission between inhibitory neurons and muscle cells (Burns et al., 1996) . In the stomach of wild-type mice, cneuron-specific enolase, substance P, and calretinin and the presence of ICC was determined using antisera to c-kit. kit-immunoreactive ICC are present in the circular muscle, and an inhibitory response, mediated by nitric oxide, can Recent studies in rat (Sternini et al., 1995) and guinea pig (Portbury et al., 1996) have shown that ICC and enteric be recorded from muscle cells. However, in the stomach of W/W v mice, ICC are absent from the circular muscle and neurons show immunoreactivity to the NK1 receptor (the receptor for substance P). The presence of immunoreactivthere is a concomitant loss of nitric-oxide-dependent inhibitory responses from the muscle.
ity for the NK1 receptor was also examined in control tissue and in explants. Although ICC in some locations possess a number of the characteristics of smooth muscle cells , ICC are clearly different at the light microscopic and ultrastructural level from both neurons and muscle cells (see Christensen, 1992, for review shon et al., 1993) , or from the local mesenchyme. There copulatory plug was observed was designated E0 and the date of is a high incidence of Hirschsprung's disease (congenital birth P0. Segments of small and large intestine from P5-P10, adult, and embryonic mice that had been transplanted to the subcapsular aganglionosis of the distal bowel) in humans with the pigspace of host (adult) mice were processed for immunohistochemismentation disorder piebaldism (see Kapur, 1993) . Pietry. Adult mice were killed by cervical dislocation or by exposure baldism results from mutations in the c-kit gene (Fleischto CO 2 , and P5-P10 neonatal mice by decapitation. man, 1992; Spritz et al., 1992) . The coincidence of abnor- ICC arise from the local mesenchyme, and not the neural Elkhart, IN) in a ratio of 1:1 for a further 24 hr before being frozen crest, in the avian gastrointestinal tract (Lecoin et al., 1996) . in 100% OCT in isopentane cooled in liquid nitrogen. Sections of
MATERIALS AND METHODS
In the present study we examined the origin of ICC in the 10-mm thickness were cut on a cryostat and collected on slides mouse intestine. The subcapsular space of the kidney provides a suitable Company, St. Louis, MO) and left to dry for 1 hr at room temperaenvironment for the growth of a variety of embryonic tisture. The sections were incubated in 10% normal horse serum in sues (Buyse, 1935 , Nicholas, 1942 . When segments of intes-PBS for 30 min prior to incubation overnight in primary antisera tine are removed from embryonic mice and transplanted at room temperature (Table 1) . The sections were then washed in under the kidney capsule of host (adult) mice, each of the PBS and incubated in an appropriate secondary antiserum (see Table   layers continues to grow and differentiate, and the three-2) for 1-2 hr. After washing in PBS, sections were mounted in phosphate-buffered glycerol and examined on a fluorescence microdimensional architecture of the explants is very similar to scope. The distribution of immunoreactivity for the NK1 receptor the kidney of adult host mice using a modification of the technique of Nicholas (1942) . Recipient mice were anesthetized with a subcuwas examined in the small and large intestine of adult, P5, and P7 mice. After fixation in 4% formaldehyde, whole-mount preparataneous injection of Nembutal (60 mg/kg), and then a 2-cm incision was made on one flank parallel, and just posterior, to the rib margin. tions of longitudinal muscle/myenteric plexus, submucous plexus, and circular muscle were dissected and incubated overnight in an
The kidney was exposed, withdrawn from the body cavity, and the renal pedicle clamped with artery clamps to prevent excessive antiserum to the NK1 receptor (Table 1 ) diluted in PBS containing 0.5% Triton X-100. After washing, the tissue was then incubated
bleeding. An incision was made in the kidney capsule using fine forceps and a small cavity created under the capsule by gently in a secondary antiserum (Table 2) , washed, and mounted in phosphate-buffered glycerol.
opening and closing the forceps. Intestinal segments from E10-E13 donor embryos were transferred into the subcapsular space using Immunohistochemistry -Fixation after sectioning. Freshly dissected tissue was placed in PBS -sucrose -azide (see above) on mouth-controlled 10-ml disposable micropipettes (Drummond Scientific Company, Broomal, PA). Intestinal segments from E9.5 ema shaker table for 10 min, transferred to a 1:1 mixture of PBSsucrose -azide and OCT for a further 10 min, and then frozen in bryos (26-somite stage) were microdissected from just caudal to the level of somite 24 to just rostral to the cloaca. These hindgut 100% OCT in isopentane cooled in liquid nitrogen. Sections of 10-mm thickness were cut, collected on slides coated with APTS, segments were stranded on pieces of sterile filter paper (Millipore, Type GS, 0.22 mm) approximately 1 mm 1 1 mm, and then the and left to dry for 1 -2 min at room temperature. Sections to be processed for c-kit immunohistochemistry were fixed in ice-cold paper was inverted and placed under the kidney capsule. When the explants were in place under the capsule, the artery clamp was acetone for 2 min, washed in PBS, incubated in 10% normal horse serum, exposed overnight to an antibody to c-kit (Table 1) gently removed and the kidney returned to the body cavity. The incision in the body wall musculature was closed with sutures and at room temperature, washed, and then exposed to a secondary antiserum (Table 2 ). Sections to be processed for immunohistothe incision in the skin with surgical clamps. The recipients were killed by cervical dislocation 18-41 days following the surgery, chemistry using antisera to neuron-specific enolase, substance P, or calretinin were fixed in 4% formaldehyde in 0.1 M phosand the explants recovered. Immunohistochemistry of explants. Preliminary experiments phate buffer for 2 min, washed in PBS, incubated in 10% normal horse serum, exposed to the primary antisera (Table 1) , and then indicated that neuron-specific enolase, NK1 receptor, and calretinin immunoreactivity was considerably reduced in tissue that was processed as described above.
Kidney subcapsular grafting. Pregnant mice with embryos at frozen fresh and then fixed briefly in 4% formaldehyde after sectioning (see above) compared to that observed in tissue that was E9.5, E10, E11, E12, or E13 gestational age were killed by cervical dislocation. Embryos were removed, placed in tissue culture mefixed prior to sectioning. The substance P antiserum did not show any staining in tissue that was fixed after sectioning. Since immudium (Dulbecco's modified Eagle's medium/F12, Sigma), and the gastrointestinal tract, caudal to the stomach, was dissected out noreactivity to c-kit protein is only observed in tissue that is fixed briefly in acetone, each explant was cut into two immediately folunder sterile conditions. Dissected intestinal segments, approximately 0.5 mm long, were explanted to the subscapular space of lowing removal from the kidney. One half of each explant was and little cytoplasm and gave rise to long, slender processes.
that were fixed overnight were processed for immunohistochemisPrevious studies of the mouse intestine have identified the try using antisera to neuron-specific enolase, substance P, the NK1 c-kit-immunoreactive cells as ICC (Ward et al., 1994; Tori- receptor, and calretinin. Segments of explants that were frozen hashi et al., 1995) . Immunoreactive ICC were also observed fresh were sectioned on a cryostat, fixed in acetone for 2 min, and between the serosa and the longitudinal muscle (Fig. 1A) . 
Immunoreactivity in Adults and P5-P10 Mice
longitudinal muscle and the serosa. ICC processes ran between the myenteric plexus and the serosa, in the longitudic-kit. In adult mice, c-kit immunoreactivity was obnal muscle. In the ileum of P5-P10 mice, c-kit-immunoreserved in cells forming a prominent band between the longiactive ICC were observed at the level of the myenteric tudinal and the circular muscle layers (at the level of the myenteric plexus) of the ileum and colon (Fig. 1A) . The plexus. Weakly immunoreactive ICC were sometimes ob-served within the circular muscle layer and, occasionally, long, finger-like villi (Fig. 2B) . In contrast, the mucosa of explants of large intestine was glandular, and the surface at the inner margin of the circular muscle of the ileum. ckit-immunoreactive neurons were not observed in either epithelium folded to varying degrees; explants of the cecal end of the large intestine developed broad, flat folds (Fig.  the small or the large intestine at any age.
Neuron-specific enolase, substance P, and calretinin. 2E), whereas the epithelial surface of explants of the most anal regions was flat. Explants were classified as neuronal The patterns of immunoreactivity observed for these substances in adult, P7, and P9 mice were identical and if they contained any neuron-specific enolase-immunoreactive cell bodies. All of the segments of small intestine that matched previously published descriptions (Sang and Young, 1996) . Briefly, in both the ileum and the colon, neuwere removed from E10-E13 embryos contained neurons. Segments of large intestine from the most rostral parts of ron-specific enolase immunoreactivity was observed in nerve cell bodies in the myenteric and submucous plexuses the large intestine of E11 and E12 also contained neurons, but none of the explants of large intestine from E9.5 (26 and in nerve fibers in the mucosa, circular muscle, and myenteric and submucous plexuses ( Figs. 2A and 2C) . Subsomite) or E10 embryos contained any neuron-specific enolase-, calretinin-, or substance-P-immunoreactive neurons; stance-P-immunoreactive nerve cell bodies were not observed, but immunoreactive nerve fibers were observed in these we classified as aneuronal explants. Neural explants: Distribution of c-kit immunoreactivity. the circular muscle and in the submucous and myenteric plexuses of the ileum and colon. Calretinin immunoreactiv-
The distribution, morphology, and staining intensity of c-kitimmunoreactive ICC in explants of small and large intestine ity was observed in nerve cell bodies in the myenteric and submucous plexuses and in nerve fibers in the mucosa, cirwere similar to those seen in P5-P10 mice (see above). The most prominent immunostaining was observed in ICC at the cular muscle, and myenteric and submucous plexuses of the ileum and colon.
level of the myenteric plexus (Fig. 1C) . However, c-kit-immunoreactive ICC were also observed within the muscle layers, NK1 receptor. The patterns of NK1 receptor immunoreactivity observed in adult, P7, and P9 mice were identibetween the serosa and the longitudinal muscle and on the submucosal surface of the circular muscle. cal. In the small intestine, no immunoreactivity was observed in neurons in the myenteric or submucous plexNeural explants: Distribution of neuron-specific enolase, substance P, and calretinin immunoreactivity. The distriuses. However, slender cells at the inner margin of the circular muscle layer showed strong NK1 receptor immubution of neuron-specific enolase (Figs. 2B and 2D), substance P (Fig. 4A) , and calretinin ( Fig. 4B ) immunoreactivity noreactivity (Fig. 3A, inset) . In whole-mount preparations of circular muscle, each of the NK1-receptor-immunorein the neuronal grafts was identical to that seen in P5-P10 and adult mice (see above). active cells was seen to possess little perinuclear cytoplasm and two to four long processes that formed an interNeural explants: Distribution of NK1 receptor immunoreactivity. The distribution of NK1 receptor immunoreacconnecting array with the processes of other immunoreactive cells (Fig. 3A) . As in the small intestine of the rat tivity in neuronal explants of small intestine was similar to that of control animals in that the ICC at the inner mar- (Sternini et al., 1995) and guinea pig (Portbury et al., 1996) , these cells were identified as ICC based on their gin of the circular muscle showed strong immunoreactivity (Fig. 3B ), but no immunoreactivity was observed in enteric morphology and location. In the colon, a subpopulation of neurons in the myenteric and submucous plexuses (Fig.  neurons (Fig. 3C ). Some ICC within the circular muscle of explants of small intestine also showed NK1 receptor 3D) showed NK1 receptor immunoreactivity. In some preparations, weak immunoreactivity was also observed immunoreactivity (Fig. 3B) . In explants of large intestine, subpopulations of both myenteric and submucous neurons in a subpopulation of muscle cells. ICC in the colon did not show any detectable NK1 receptor immunoreactivity.
showed immunoreactivity for the NK1 receptor (Fig. 3E) . A small number of weakly immunoreactive cells, which were morphologically similar to ICC, were also observed within
Presence and Distribution of ICC and Neurons
the circular muscle.
in Segments of Embryonic Intestine Transplanted
Aneuronal explants: Distribution of c-kit and NK1 reto the Subcapsular Space of the Kidney ceptor immunoreactivity. The only explants in which there were no enteric neurons were of large intestine. These Of 47 intestinal segments from E9.5, E10, E11, E12, and E13 embryos explanted to the subcapsular space of recipient explants did not contain any cells immunoreactive for neuron-specific enolase (Fig. 2E) , calretinin (Fig. 4C) , or subadult mice, 33 (70%) grew and differentiated and could be processed for the immunohistochemical localization of cstance P. However, in about 30% of the aneuronal explants, small bundles of neuron-specific enolase-and substance Pkit and a variety of neuronal markers. The ages of the embryos and the regions from which the successful explants immunoreactive nerve fibers were present at the periphery of the explants; these nerve fibers did not penetrate beyond were taken are shown in Table 3 . As described previously, the appearance of the explants was very similar to that of the longitudinal muscle layer. As there were no nerve cell bodies in the explants, we assume that the nerve fibers arose tissue at a similar developmental age (Nishijima et al., 1990) . Segments of undifferentiated small intestine that from neurons innervating the kidney of the host that were disturbed when the explant was placed in the subcapsular were explanted to the renal subcapsular space developed
FIG. 2.
Immunoreactivity to neuron-specific enolase in the small and large intestine. (A) Transverse section through the small intestine of a P9 mouse. Neuron-specific enolase immunoreactivity is present in nerve fibers in the mucosa (arrows) and the circular muscle (cm), and in cell bodies in the submucous (smp) and myenteric (mp) plexuses. lm, longitudinal muscle. (B) Longitudinal section through a neuronal explant of small intestine that was taken from an E12 embryo and grown in the kidney subcapsular space for 22 days. Neuronspecific enolase immunoreactivity is present in nerve fibers in the mucosa (arrows) and the circular muscle, and in cell bodies in the submucous and myenteric plexuses. (C) Transverse section through the large intestine of a P7 mouse. Neuron-specific enolase immunoreactivity is present in nerve fibers in the circular muscle, and in cell bodies in the submucous and myenteric plexuses. (D) Longitudinal section through a neuronal explant of large intestine taken from an E12 embryo and grown under the kidney capsule for 17 days. Neuron-specific enolase immunoreactivity is present in nerve fibers in the circular muscle, and in cell bodies in the submucous and myenteric plexuses. (E) Longitudinal section through an aneuronal explant of large intestine, just anal to the cecum, taken from an E10 embryo and grown in the kidney subcapsular space for 30 days. No immunoreactivity to neuron-specific enolase is present. Scale bars: (A) 50 mm; (C, D) 50 mm; (B) 50 mm; (E) 100 mm. space. Eighteen aneuronal explants were examined for the ronal explants, the band of c-kit-immunoreactive ICC at this level periodically diverged around myenteric ganglia. presence of ICC. Cells showing c-kit immunoreactivity, and which were identical to ICC in morphology and location, Most of the aneuronal explants of large intestine did not contain any NK1 receptor immunoreactivity. However, in were consistently observed between the longitudinal and the circular muscle layers (Figs. 1D-1F ) and within the cirabout 20% of the aneuronal explants, a small number of weakly stained NK1-receptor-immunoreactive cells were cular muscle (Fig. 1D) of the aneuronal explants, including those that were removed from 26-somite (E9.5) embryos. In observed within the circular muscle that were morphologically similar to ICC (Fig. 3F) . ICC-like cells showing immusome aneuronal explants, c-kit-immunoreactive ICC were also observed between the serosa and the longitudinal musnoreactivity for the NK1 receptor were sparse; we never observed more than two immunoreactive cells in a single cle (Figs. 1E and 1F ) and on the submucosal surface of the circular muscle. The only difference in the appearance of section. the c-kit immunostaining between the aneuronal explants and neuronal explants (or control tissue) was that in the DISCUSSION aneuronal explants, the c-kit-immunoreactive ICC located between the longitudinal and the circular muscle layers ICC are present in the gastrointestinal tract of all vertebrate species examined to date (Christensen, 1992) . In the gave rise to a straight band of staining, whereas in the neu- present study, the embryological origin of ICC in mice was The majority of neurons and glial cells in the gastrointestinal tract arise from the vagal level neural crest (Yntema examined by removing segments of intestine prior to, or following, the arrival of neural crest cells and transplanting and Hammond, 1954) . Studies using quail-chick chimeras or vital dye (DiI) labeling of premigratory neural crest cells them to the subcapsular space of the kidney of host mice. The presence of neurons in the explants was determined have shown that the sacral level neural crest also gives rise to some cells in the avian and mouse hindgut (Le Douarin immunohistochemically, using antisera to neuron-specific enolase, substance P, and calretinin. Cells were identified and Teillet, 1973 Teillet, , 1974 Serbedzija et al., 1991) . However, it is unclear whether the sacral neural crest contributes as ICC by the following criteria: (1) immunoreactivity to ckit protein, (2) morphology, and (3) location. ICC were found both neurons and nonneuronal cells to the hindgut. In the mouse, the DiI-cell labeling and embryo culture study of in all explants, both those which contained neurons and those lacking neurons. Serbedzija et al. (1991) revealed that sacral neural crest cells emigrate from the neural tube between E9 and E9.5 (20-to acteristics, they also show some differences. For example, in a recent ultrastructural and immunocytochemical study 26-somite stage) and first reach the hindgut at, or slightly before, E10. A study in which gut segments from embryonic of ICC in the dog colon, ICC in different locations were shown to exhibit variation in the smooth muscle contractile mice were isolated and grown under the kidney capsule showed that neural crest cells from the vagal neural crest proteins they contain . Moreover, although some ICC express NK1 receptors (the substance reach the hindgut as a rostrocaudally directed wave around E11 (Southwell, 1982) . It appears that neurons only develop P receptor) and soluble guanylyl cyclase (the ''receptor'' for nitric oxide), not all ICC express these receptors (Shutin significant numbers in explants of mouse hindgut grown under the kidney capsule if vagal neural crest cells are prestleworth et al., 1993; Young et al., 1993; Sternini et al., 1995; Portbury et al., 1996) . Thus, ICC in different locations ent (Southwell, 1982; Nishijima et al., 1990; Kapur et al., 1992) and that sacral neural crest cells which populate the may comprise different functional classes of cells and may not necessarily have the same embryological origin. In hindgut are unable to form enteric neurons in appreciable numbers without the presence of vagal neural crest cells. young mice, ICC in all locations show immunoreactivity to c-kit protein (Torihashi et al., 1995) . In the present study, Thus, the hindgut passes through an aneural stage (lacking both neural crest cells and precursors of enteric neurons) cells exhibiting the morphology of ICC and showing c-kit immunoreactivity were found in all four locations in exprior to E10, through a neural but aneuronal stage (possessing neural crest cells which cannot by themselves differplants of intestine that were removed from embryos prior to the arrival of neural crest cells. Thus, all classes of ICC entiate into enteric neurons) between about E10 and E11, to a neuronal stage (possessing precursors of enteric neuin the mouse intestine arise from the local mesenchyme. rons). The present grafts included gut in all three categories. The presence of ICC in explants of intestine which were
NK1 Receptor Immunoreactivity in ICC and
removed prior to the arrival of vagal or sacral neural crest
Neurons in the Mouse
cells indicates that ICC in the mouse intestine do not arise from the neural crest, and we conclude that they must arise Recent studies have shown that ICC at the inner margin of the circular muscle in the rat (Sternini et al., 1995) and from the local mesenchyme. These results corroborate the results of a recent study that has shown that ICC in the guinea pig (Portbury et al., 1996) intestine show immunoreactivity for the NK1 receptor, raising the possibility that, avian intestine also arise from the local mesenchyme (Lecoin et al., 1996) . like c-kit protein, the presence of NK1 receptor immunoreactivity may be a useful marker for ICC. In the current In the present study, the ICC present in the aneuronal grafts were indistinguishable in morphology, location, and study, NK1 receptor immunoreactivity was observed in ICC at the inner margin of the circular muscle in the small the expression of c-kit protein from the ICC present in tissue at a similar developmental age. Previous studies have intestine of the mouse. However, in the large intestine, no immunoreactive ICC were observed, although subpopulashown that ICC form very close associations with neurons (Richardson, 1958; Berezin et al., 1988 Berezin et al., , 1989 ). However, not tions of enteric neurons showed NK1 receptor immunoreactivity. Since the only aneuronal explants were of large intesonly do ICC in the mouse intestine have a different embryological origin from neurons, they do not appear to require tine, the presence of NK1 receptor immunoreactivity in explants proved only to be useful in the detection of neurons the presence of neurons for survival or the expression of ckit protein. Moreover, although the appearance of the ICC in the explants. in the explants could only be examined in sections, and not whole mounts, their location and morphology in the
Use of Subcapsular Grafting Technique
aneuronal explants were identical to those seen in neuronal explants and in control tissue, suggesting that the structural Previous studies have shown that the structure of segments of embryonic mouse intestine cultured in the subcaporganization of ICC does not depend on the presence of neurons. sular space of host mice is very similar to that of normal intestine (Southwell, 1982; Nishijima et al., 1990) . We have extended these findings to demonstrate that the distribution
Different Classes of ICC
of ICC and a number of chemically defined subpopulations of neurons is also very similar in the explants to that seen In the mouse small intestine, methylene blue staining and zinc iodide/osmic acid impregnation have been used to in animals at a similar developmental age. This study thus reinforces the value of the subcapsular space of the kidney provide detailed light microscopic descriptions of ICC in four locations: ICC-I are located at the level of the myenas an environment in which to examine the development of neurons and ICC in the developing intestine (Nishijima teric plexus, ICC-II are located between the serosa and the longitudinal muscle, ICC-III are located between the circuet al., 1990). The only difference observed between the explants and lar muscle and the submucosa, and ICC-IV are found within the circular muscle (Thuneberg, 1982; Rumessen and Thu- the tissue at a similar developmental age was in the presence of sparse NK1-receptor-immunoreactive ICC-like cells neberg, 1982). Although ICC in different locations show similarities to each other in morphology and staining charin the circular muscle of both neuronal and aneuronal ex-of the migration and differentiation of neuroblasts of the autoplants of large intestine which we did not observe in the nomic nervous system and of neuroectodermal mesenchymal delarge intestine of either young or adult mice.
rivatives, using a biological cell marking technique. Dev. Biol. 41, 162-184. Maeda, H., Yamagata, A., Nishikawa, S., Yoshinaga, K., Kobayashi,
